Background: The Maldives faces challenges in the provision of health services to its population scattered across many small islands. The government commissioned two separate reproductive health surveys, in 1999 and 2004, to inform their efforts to improve reproductive and sexual health services.
Background
The Republic of Maldives has 199 inhabited islands and about 1000 other islands, including resorts, stretching north-south across 500 miles of the Indian Ocean. These islands form 26 natural atolls, which are grouped into 20 administrative units. Most of the islands are small, no island is more than eight Km long, and all are low lying with an average elevation of 1.6m above sea level. The geography of the country, coupled with the costs of transport and diseconomies of scale, makes delivery of public services of any kind very expensive and difficult. This is certainly true of reproductive health services, especially obstetric care.
The population of the Maldives was 270,101 in 2000 [1] . In addition, there were 19,000 resident foreign workers and their dependants. About 27% of the population lived in the capital island of Maleˊ. Maleˊalso has a floating population of several thousands who come from other islands for commerce, education and medical treatment.
In 1999, the government of the Maldives commissioned a national reproductive health survey to provide information about relevant knowledge, attitudes and practices of the population (particularly women aged 15-49 years) and their experience and views of available reproductive health services [2] . The survey was intended to provide a picture of the current situation and to inform implementation of a five year reproductive health programme (1998) (1999) (2000) (2001) (2002) [3] . Five years later, in 2004, the government commissioned another reproductive health survey [4] to inform ongoing reproductive and sexual health programmes, supported by the UNFPA in the Maldives [5] . In this survey, the Ministry of Health (MoH) wanted more information from men, now recognised as being important to involve in reproductive health programmes [6] . Also, by this time, the country's reproductive and sexual health programme had a particular focus on adolescents [5] and so an additional survey of unmarried youth was commissioned. The surveys were commissioned under two separate contracts. For the 1999 survey, CIET (Centro de Investigación de Enfermedades Tropicales; Community Information and Epidemiological Technologies) was commissioned to provide technical support for survey design, implementation, analysis, and reporting. The Health Information and Research Unit (HIRU) of the MoH was responsible for data collection and data entry but CIET provided skilled personnel to train and supervise field workers, and to supervise data entry. In 2004, the HIRU was fully responsible for the surveys, including training and supervision for field work and data entry, and CIET was contracted only to provide technical advice. In neither contract was there any budget or time allocated for capacity building but it was hoped that CIET researchers would impart skills to personnel from the HIRU and MoH while working with them.
This article describes the reproductive health survey methods, which differed between 1999 and 2004, and the changes in those indicators that could be compared directly between 1999 and 2004. It also describes the methods and findings of the survey of unmarried youth in 2004. We discuss the challenges and limitations of the work, and the extent to which these affect the interpretation of the findings.
Methods

The sample
The 1999 survey used a multi-stage cluster sample drawn to be representative of the national population. We stratified the islands into six regions, and then divided each region into three groups: those with a regional hospital (one such island per region); those with a health centre; and those without either. We randomly selected islands within each stratum, the sampling fraction being chosen to give a sample size in each stratum proportional to the relative population in that stratum. For most of the selected islands, the total number of households was less than 150 and the sample site included all the households on the island (although not all the households actually participated in the survey). For larger islands, an area sample, randomly selected from a plan of the island, of approximately 100 households was the sample site. The five sites in Male' each consisted of three contiguous enumeration blocks and were selected randomly from among enumeration blocks in the 1995 census.
The 2004 survey revisited the same sample sites as in 1999. For most islands in the sample this meant the same households were included in 1999 and 2004, but we did not follow-up individual households between surveys. In the 2004 survey, interviewers did not collect data from more than 100 households in any site.
The HIRU contacted island administrators and community leaders in the selected islands ahead of the visits of the field teams, to explain the survey and secure their support during data collection.
The questionnaires
The 1999 household questionnaire, developed in consultation with the MoH and other stakeholders, focused on knowledge and practices about contraception, knowledge about sexually transmitted diseases and AIDS, antenatal care, and experience of reproductive health services. Respondents were women in the household aged 15-49 years and the male head of the household. Interviewers asked respondents the questions and recorded their responses, including responses to a number of openended questions, in data registers ("Bhopal books" [7, 8] ) with the questionnaire attached inside the front and back covers and responses for each respondent recorded on a separate page of the book.
In 2004, interviewers administered the household questionnaire to all ever-married women aged 15-49 years and all ever-married men aged 15-64 years in the household. The questionnaire was prepared in a scannable format, with the interviewers shading bubbles to indicate responses; nearly all questions had response options rather than being open-ended. The design team focused on the information aims of the 2004 survey and did not make particular efforts to ensure questions were comparable with those in the 1999 survey.
In 2004, another questionnaire was used to collect information from unmarried youth (aged 15-24 years) identified in the households. The interviewers invited eligible youth to attend an "event" at a venue in or near the site, giving them a numbered ticket to hand in at the event. The details of the event varied between sites but it was generally a gathering held in the evening, with food, soft drinks, and music provided. The youth who attended completed an anonymous self-administered questionnaire, in a scannable format, in the presence of a facilitator who could clarify any points about the questions. The questionnaire covered the youth's age, sex, education, financial status, their use of TV, radio, internet and written materials, their knowledge about sexually transmitted infections and AIDS, sources of information about sex, sexual activity, experience of forced sex, condom use, and pregnancies.
Data management and analysis
In 1999, computer operators manually entered the data from the data registers; double data entry with validation using Epi Info software [9] minimised keystroke errors and further checking identified inconsistent and out of range responses. In 2004, trained operators scanned the completed questionnaires using Remark software [10] .
The original analysis of the 1999 and 2004 datasets relied on Epi Info software. We calculated weights to allow for some oversampling of some strata in the household sample and reported on weighted percentages of indicators. In practice, the weighted and unweighted values were very similar. We did not attempt to weight the youth sample. Details of the values of all indicators from the 1999 and 2004 surveys can be found in the individual reports [2, 4] .
For the purposes of this article, we analysed the two surveys as being a repeated cross-sectional study design. The analysis reported here relied on CIETmap open source software [11] . We express the significance of differences between 1999 and 2004 using the Mantel Haenszel Odds Ratio (OR) [12] and the 95% confidence interval (CI). We adjusted the CI for clustering within sites (CIca), using a method described by Gilles Lamothe [13] , based on a variance estimator to weight the Mantel Haenszel Odds Ratio for cluster-correlated data [14, 15] .
Results
The 1999 household survey included 4,087 respondents from 2,254 households, while that in 2004 included 4,102 respondents from 2,279 households. The field teams did not collect data on the number of households and individuals that were approached and declined to participate in the survey, nor on the number of households where they found no one at home at the time of the survey. Anecdotal evidence from the supervisors suggests that few of the eligible people present when the interviewers came to the door refused to participate (L Pearson, personal communication). Table 1 (Table 1) . (Table 2) . Similarly, more women in 2004 than in 1999 took iron supplements in their last pregnancy, whether considering any supplements or considering supplements for at least four months (Table 2 ). There was a higher proportion of women with secondary education in the 2004 survey than in the 1999 survey. Taking this into account by stratification did not explain the higher proportions of pregnant women using antenatal care and taking iron in 2004.
A total of 1,141 youth (unmarried young men and women aged 15-24 years old) completed a questionnaire. Only 42% of eligible youth identified in the households participated in the survey; the response rate ranged from 100% in some islands to only 12% for sites in Maleˊ. More than one half (58.6%) of the 1,132 youth who completed a questionnaire and gave information about their sex were female. Table 3 summarises some of the findings from the youth survey, among the youth who completed a questionnaire. More than half were currently in school and about half reported they had money available to spend on themselves. Almost all had heard of HIV/ AIDS. But their knowledge was lacking in some areas; less than half knew that one can avoid catching HIV by always using a condom, and less than half knew that people with HIV or AIDS can look healthy. Less than half thought "boys and girls are equal", but most believed it was not necessary to have sex with a boyfriend or girlfriend to show love. A sizeable minority, especially among young men (30%), thought talking about condoms would make young people more promiscuous. Less than half said they talked to anyone about sex. Few admitted they had already had sex: 14% of boys and 5% of girls. Nearly as many boys (3%-4%) as girls (4%-5%) said they had been involved in unwanted sex. Among girls, nearly as many as admitted to having sex at all said someone had involved them in unwanted sex. Few youth (2.6% of females, 1.7% of males) admitted to a pregnancy or having fathered a child.
Discussion
Limitations
There are a number of limitations to the surveys and the analysis described in this article. Lack of a control group limits the conclusions one can draw about attribution of any changes over time to a particular programme or intervention. This is a problem common to most evaluations of national programmes. There are possible ways to overcome this, provided there is forward planning and strong government commitment, such as undertaking a stepped-wedge trial, a type of pragmatic randomised cluster controlled trial [16] . Future CIET social audits in the health sector are exploring such design options [17] . The fact that the surveys were not undertaken as a research project, but rather as two separately commissioned surveys, led to a number of difficulties in making direct comparisons between the two time points. The second survey was designed in a scannable format mainly because the MoH HIRU wanted experience in handling data obtained using scannable instruments. A secondary reason was that it had proved difficult to identify and train local data entry operators for the 1999 survey, given the small pool of people with suitable basic skills for this task. Problems with the quality of data entry in 1999 meant some parts of the dataset had to be re-entered. The 2004 scannable format meant modifications to questions, with loss of comparability with questions in the 1999 survey. Shifting priorities of the MoH meant a focus on a slightly different group of respondents in 2004, The lack of a formal recording of response rates in the household survey was an omission in both 1999 and 2004. Although we believe the non-response rates were low, we do not have formal evidence of this. If the nonresponse rates were relatively high, this could have biased the findings in the individual surveys, and if they differed between the two surveys, this could have affected the changes we found in some indicators.
We were able to measure response rates in the youth survey by comparing the number of "tickets" given to youth identified in the household survey with the number of youth who completed a questionnaire. The response rates were low, mainly due to very low response rates in sites in Maleˊand near to Maleˊ. This could have biased the results and certainly limits the extent to which they can be generalised. The Maleˊsites included many youth living away from their original homes, in order to study or work in Maleˊ. These youth, who may have different knowledge, attitudes and practice compared with youth living at home, are seriously under-represented in the sample. We do not know the reasons why so many youth did not participate. The decision not to interview young people in their home setting was reasonable, given the need to secure privacy when answering sensitive questions about sexual behaviour. The strategy of bringing them to a central place also meant the questionnaires could be self-administered (but with a facilitator present), again increasing the likelihood of disclosure of sensitive information. Sensitivity of the topic is a possible reason for the overall low response rate, but the high response rate in some sites makes this unlikely to be the main reason. It is possible that some of the field teams did not make strong enough efforts to encourage youth to attend the event where they completed questionnaires: perhaps the event was not interesting enough, or not well publicised. If this was the reason, it may not have introduced much bias. On the other hand, youth who participated might have been more compliant and less rebellious than those who did not, tending to bias the findings. Overall, the youth survey probably underestimated risky sexual attitudes and behaviour among youth. Despite this, it did indicate some areas of concern about knowledge and attitudes and was therefore at least a useful pointer for programme focus areas.
A declared aim of both surveys was local capacity building. Yet capacity building opportunities were limited by lack of budget and time for any such activities. Onthe-job learning is important but not enough and this was a source of frustration. Current CIET social audits and those planned in the future include a much greater element of funded capacity building [18] .
Reproductive health survey findings
The 1999 survey was the first to produce national figures for reproductive health indicators in the Maldives. We shared the findings with government and non government stakeholders concerned with reproductive health as an input into the implementation of the national reproductive health programme. In 1999, the Maldives had relatively low rates of contraception compared with other countries in South Asia at about the same time. The CPR in the Maldives, for all methods and for modern methods, was lower than that in Bangladesh [19] and India [20] , similar to in Nepal [21] , and higher than that in Pakistan [22] . There was little change in the CPR in the Maldives between 1999 and 2004 ( Table 2) ; in a similar period the CPR increased in Nepal [23] , Bangladesh [24] , and India [25] , while in Pakistan the low CPR remained unchanged [26] . The CPR in the Maldives in 2009 measured in the Demographic and Health Survey (DHS) [27] , was no higher than in our measurement in 2004. Clearly, further efforts are needed if the use of contraception in the Maldives is to increase.
On the other hand, the Maldives compares favourably with other countries in South Asia for the proportion of women attending for antenatal care. The 1999 figure for any antenatal care in the Maldives was substantially higher than in Nepal, Bangladesh, India, or Pakistan [19] [20] [21] [22] , and the situation improved further so that by 2004 virtually all pregnant women in the Maldives had at least one antenatal care visit and nine out of ten had four visits or more, making it the leader in the region [15] [16] [17] [18] . The high rates of antenatal care were confirmed in the 2009 DHS [27] . The proportion of women taking iron during pregnancy is one indicator of the quality of antenatal care. This figure in the Maldives in 1999 was quite similar to other countries in South Asia [19] [20] [21] [22] , but by 2004 the proportion of pregnant women taking iron in the Maldives was well above that in other countries [23] [24] [25] [26] , and the high figure has been maintained in 2009 [27] . The relatively good antenatal care in the Maldives has been achieved despite the considerable logistic difficulties of providing services to the scattered islands. Estimated maternal mortality has fallen much more rapidly in the Maldives between 1990 and 2008 than in other countries in the region and the 2008 figure (37) is almost an order of magnitude less than the regional average (280) [28] .
Youth survey findings
As discussed above, the low response rate means that only tentative conclusions can be drawn from the youth survey. The findings of the 2009 DHS in the Maldives [27] , although the young women the DHS interviewed were "ever married" rather than unmarried, suggests some of the 2004 youth survey findings may have been a reasonable reflection of reality. In both the 2004 survey and the 2009 DHS, virtually all the respondents had heard of HIV/AIDS. The reported proportions of youth aged 15-24 who had heard of AIDS in other countries in the region were somewhat lower, especially among young women [23] [24] [25] [26] . Less than half the 2004 respondents agreed that always using a condom was a way to avoid catching HIV; the proportion knowing condom use was a way to avoid infection was higher in the DHS, undertaken five years later [27] .
In countries of sub-Saharan Africa at the centre of the AIDS epidemic, gender based violence is an important driver of the epidemic, particularly the high rates of infection among young women [29] . It is important to understand the views and experience of youth about gender roles and gender based violence in countries such as the Maldives, in order to inform efforts to avoid an epidemic similar to that in southern Africa. The 2004 survey of sexual health among adolescents was a start in this direction. More studies of the views and experience of youth are needed, as well as trials of interventions to support youth and reduce gender based violence.
Lessons learned
Several useful lessons emerged from the experience of analysing the findings from the surveys described here. It is not uncommon for repeat surveys in the same place to be separately contracted and with differing priorities. At least in this case both the surveys were undertaken by the same organisation, giving an opportunity to merge datasets and make direct comparisons over time. In a similar situation in the future, we would emphasize more strongly the benefits of being able to make direct comparisons over time and try to agree with the commissioning entity a core set of questions to be included in both surveys. It is hard to criticise the decision to switch to a scannable format in the second household survey in order to build local capacities in this technology; perhaps both surveys should have used this data capture method. In retrospect, we should have insisted on piloting the method of inviting youth to an event to complete their questionnaires; one should not assume that what sounds like a good idea will actually work well in practice. The lack of a control group for the before-and-after design is a universal problem when evaluating national programmes. Methods to overcome it, such as steppedwedge trials, require substantial forward planning and commitment from governments. Giving government technical advisers and policy makers an orientation about the requirements for evidence based planning could help. This is included in our current programme of capacity building related to HIV trials in Southern Africa [30, 31] . In the surveys in the Maldives, the commissioning bodies had limited funding available and, as is very often the case, this meant there was no funding available to fulfil the worthy aspiration for capacity building. Perhaps when negotiating the details of a contract, the implementing organisation should insist on either (preferably) including a realistic budget and time allowance for capacity building or removing reference to it altogether.
Conclusions
The two household surveys were commissioned as separate entities, with different priorities and data capture methods, rather than being undertaken as a specific research study. Only limited direct comparisons over time could be made. Nevertheless, these indicated an unchanged CPR and improvements in antenatal care, with the Maldives ahead of the region for antenatal care. The low response rate in the youth survey limited interpretation of the findings. Nonetheless, the survey highlighted areas requiring attention to support youth and reduce risks of rising HIV rates. Surveys not undertaken primarily for research purposes have important limitations but can provide useful information. 
